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INTRODUCTION
More than any other environmental factor, permanent or 
temporary water deficit stress limits the growth and distribution 
of natural and artificial vegetation and the performance of 
cultivated plants. Among the environmental stresses, the abiotic 
stresses, drought has been identified as one of the major global 
problems in the future and will face a major challenge for crop 
production in the arid and semi-arid regions in particular [1]. 
Water shortages are one of the major environmental stresses that 
restrict crop growth and productivity around the world, while 
global warming and climate change are making the situation 
more urgent, posing a major threat to global food security [2].
Productive and sustainable agriculture in arid and semi-arid 
regions requires growing plants with less input of valuable 
resources such as fresh water. Although basic studies and 
practices have been carried out for many years to improve 
resistance to soil water stress and efficiency of plant water use, the 
mechanisms involved at various scales are still not clear. Plants 
have evolved numerous defensive mechanisms to acclimatize 
to adverse conditions for continued growth and surviva [3]. 
Osmotic adjustment is an adaptive mechanism involving 
drought or salinity tolerance that allows turgor to be maintained 
under conditions of water deficit [3].
Further understanding and manipulating soil-plant-water 
relationships and soil-water stress tolerance at the scales of 
ecology, physiology and molecular biology can significantly 
improve plant productivity and environmental quality [4]. 
Feed grass such as Alfalfa and cowpea is required in the area 
for important suggestions such as grazing and soil conservation, 
but their growth is highly dependent on soil moisture and 
therefore needs to adopt alternative ways to maintain plant 
water consumption under low precipitation conditions in the 
country.
Received: 10-09-2019
Revised: 07-12-2019
Accepted: 11-12-2019
Published: 10-02-2020
*Corresponding Author: 
Dr. Mohammed Abdul Salem 
Email: mohammed.s@uaeu.
ac.ae
ISSN: 2075-6240
Research Article
Effects of glycine betaine on plant 
growth and performance of Medicago 
sativa and Vigna unguiculata under 
water deficit conditions
Hanan Kamal Khadouri, Karthishwaran Kandhan, Mohammed Abdul Salem*
 Department of Aridland Agriculture, College of Food and Agriculture, PO Box No. 15551, United Arab Emirates 
University, Al Ain, UAE
ABSTRACT
Managing water consumption of the crops is one of the strategies which have been adopted locally and worldwide in current 
trends of sustainable agriculture. In addition to the low level of water resources in UAE because of the rare precipitation, 
no fresh, free-flowing water, rivers, lakes or streams. The present study was aimed to evaluate the effects of exogenous 
Glycine Betaine (GB) on Alfalfa (Medicago sativa) and Cowpea (Vigna unguiculata) within different levels of drought 
stress. A pot experiment was designed on a completely randomized block design (CRBD) with three replicates. Exogenous 
GB was applied as a foliar spray in three levels (0,100 and 200 ppm) five times with five days intervals. Drought stress 
starts within the second GB treatment in three levels (24h: 100% well-watered), (48h: 60% water deficit) and (72h: 40% 
water deficit) depending on the required quantity. Growth characteristics, pigment concentrations, biochemical content 
and Mineral nutrients levels were measured in response to the treatment variables. Results showed that the GB has a 
significant increment in Growth parameters, biochemical contents, and Mineral nutrients concentrations. The results of 
the present investigation suggested that the exogenous application of GB was improved the drought tolerance in Cowpea 
and has enhanced the Alfalfa performance under drought stress in both concentrations 100 and 200 ppm under drought 
stress of 60% of irrigations water. In due of comparison of Cowpea and Alfalfa, it’s found from this study that GB has a 
better effect on the Cowpea under drought stress than Alfalfa.
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Cowpea (Vigna unguiculata (L.) Walp.) is an important food 
legume and a valuable component of the traditional cropping 
systems in semi-arid tropics. The young leaves, green pods and 
green seeds of cowpea are used as vegetables and dry seeds are 
used in various food preparations [5]. Cowpea is also equally 
important as nutritious fodder for livestock. Alfalfa (Medicago 
sativa L.) is one of the main fodder crops grown in the UAE. This 
species requires large quantities of water, often drawn from non-
renewable groundwater sources. In order to meet the increased 
demand for forage, large - scale cultivation of Alfalfa has resulted 
in a drastic reduction in groundwater levels and an increase in 
salinity due to seawater intrusion, particularly in coastal areas.
Glycine betaine (GB) is an organic compound that occurs 
in plants; it is an amphoteric quaternary amine that plays an 
important role as a compatible solution in plants under different 
types of environmental stress, such as high salt levels and high 
or low temperatures [6]. Generally, GB protects the plants 
from stress through different courses, including contribution to 
cellular osmotic adjustment, detoxification of reactive oxygen 
species, protection of membrane integrity, and stabilization 
of enzymes/proteins [7]. So the present study was designed 
to examine (i) the effect of applying the exogenous organic 
osmolet GB on the growth and performance of alfalfa and 
cowpea which have been exposure on irrigation regimes within 
the stress conditions of drought and high temperature in UAE 
environment (ii) to determine the minimum level of irrigation 
can the plants adopted with support of GB and compared with 
the controls for each of alfalfa and cowpea that have not applied 
with GB (iii) to comparison between these two forage plants 
in their responses to GB within irrigation regimes exposure.
MATERIALS AND METHODS
Experimental Site and Design
The research was conducted during rising period beneath natural 
conditions at Al-Foah Experimental farm, College of Food and 
Agriculture, UAEU, Al Ain, in the sheltered greenhouse. Alfalfa 
and Cowpea seeds were kindly provided by agricultural inputs 
marketable provider “SHAT AL ARAB”. Seed sowing was carried 
out manually with 6 seeds/pot, in PVC cylinder pots. Germination 
was on the third day in Alfalfa and on the fourth day of sowing 
in Cowpea, after appearance 11 DAS (Days after Sowing), the 
seedlings were thinned to retain three seedlings in each pot.
Application of Glycine Betaine Treatments and 
Irrigation
Alfalfa and Cowpea were subjected to different concentrations 
of Glycine Betaine (GB). GB was applied in three different 
concentrations, 0 ppm (control), 100 ppm and 200 ppm. Manually 
over the top of the plant covering all over the plants leaves, by 
using Pressurized Spray Bottle with 0.1% as surface spreader and 
applied for five times on the plants at 25, 30, 35, 40 and 45 DAS.
The water deficits factors were expressed at different irrigation 
intervals and fixed water quantity (400ml). The irrigation 
intervals were every 24 hours (WW -100% - control), each 48 
hours (WD - 60%) and every 72 hours (WD - 40%). Water was 
applied by controlled dripper irrigation system (Surface drip (DI) 
and subsurface drip irrigation (SDI) is the most effective way to 
convey directly water and nutrients to plants and not only, does 
it save water but it also increases yields of vegetable crops [8].
For each treatment early morning, the plants were subjected 
for water deficit regimes 31 DAS or exactly after the second 
application of GB. The experiment had three levels for both 
variables. Consequently, the research covered 9 treatments 
including the control units, in three replicates for each 
treatment in total 27 units in three sets arranged for the research 
in Alfa alfa and the same arrangement for the Cowpea (Chart 1).
On the 159 DAS (days after sowing) or 68 DAT (days after 
treatments) in Alfalfa, and on the 114 DAS 68 DAT for Cowpea, 
plants were harvested for analysis.
Morphological Parameters
Shoot height was measured from the soil level to the tip of the 
shoot and expressed in cm. The plant root length was measured 
from the point of the first cotyledonary node to the tip of the 
longest root and expressed in cm. Fresh weight for Shoot and 
Root was determined by using an electronic balance (Model – 
XK3190-A7M) and the values were expressed in grams. Stem 
diameter (cm) was measured for each plant by Vernier caliper 
and the values were expressed in mm. The total number of 
pods, which were fully developed, were counted and expressed 
as number of pods per plant. Fresh weights of values were 
expressed in grams.
Physiological Parameters
Chlorophyll and carotenoid were extracted from the leaves 
and estimated by the method of Arnon (1949) [9]. Carotenoid 
content was estimated using the formula of Kirk and Allen 
(1965) [10] and expressed in milligrams per gram fresh weight. 
Total phenol was estimated by the method of Malick and Singh 
(1980) [11]. The total phenol was determined using a standard 
curve prepared with different concentrations of gallic acid. 
Proline content was estimated following the method of Bates 
et al. (1973) [12]. The proline content was determined from 
a standard curve prepared with proline and the results were 
expressed in milligram per gram dry weight.
Estimation of Glycine Betaine
The samples were extracted and estimated following the method 
of Grieve and Grattan (1983) [13]. The acid potassium tri-
iodide solution for total QACs was prepared by dissolving 7.5g 
resublimed iodine and 10g potassium iodide in 1M HCI and 
filtered (Speed and Richardson, 1968) [14]. Two ml of ice-cold 
water was added rapidly to the mixture to reduce the absorbance 
of blank and to improve replication. This was quickly followed 
by 10ml of 1, 2-dichloroethene in ice, and the 2 layers mixed 
well and kept at 4ºC (Storey and Wyn Jones 1977) [15]. The 
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absorbance of the lower organic layer was measured at 365nm 
in a Spectrophotometer. The results were expressed as glycine 
betaine equivalent by using glycine betaine for standard value.
Elemental Analysis
The samples were air dried then oven dry at 105 °C for 3 hrs 
and the samples were ground and stored in a desiccator for 
further analysis. The digestion procedure was based upon the 
recommendation in the USEPA method 3015A guidelines. The 
plant samples were prepared accurately by weighing 0.5 grams 
of sample into the microwave digestion vessels and adding 10ml 
of concentrated nitric acid (HNO3) and 2 ml hydrochloric acid 
(HCL) (Method 3015A, US Environmental Protection Agency, 
2008) [16]. The vessels were capped and placed in the microwave 
digestion system. The reagent blank contains the same volumes 
of all reagents used in the processing of the samples.
Statistical Analysis
The data pertained to all the characters studied were subjected 
to statistical analysis using SPSS-21.0 Version. The values were 
meant for three replicates of all the treatments and control. The 
calculated data expressed in Mean±SE.
RESULTS
Shoot Height and Root Length
The effect of GB, drought stress and their combination induced 
changes on morphology and physiological changes of Cowpea 
and alfalfa are presented in Tables 1 and 2. Shoot length 
in Cowpea was decreased under drought stress conditions 
treatments when compared with the control. While with the 
application of exogenous GB individually and with drought 
stress, it’s induced to increase the shoot height in treatment 
100 ppm application of GB and in treatments of both 100 and 
200 ppm under drought stress of 60% of water irrigation. In 
alfalfa, the shoot height of drought-stressed plants was declined. 
With the application of GB, the shoot height was increased 
significantly, in drought stress treatments with applying GB 
the shoot height was decreased except the treatment of 60% of 
water with 100 ppm of GB which was increased the shoot height.
Shoot Fresh and Dry Weight
In cowpea, the shoot fresh and dry weight was significantly 
decreased within water stress treatments and within the 
application of GB. Shoot biomass in beans decreased by 32% in 
response to water stress compared to untreated control plants. In 
alfalfa, the shoot fresh weight was decreased under drought stress 
with or without exists of GB except with treatment of individually 
applying GB 100 ppm it increased the fresh weight of the plant 
significantly. But the shoot dry weight was increased highly in 
conditions of drought stress with and without GB application.
Estimation of Chlorophyll and Carotenoid Content
Chlorophyll ‘A’ and ‘B’ and total chlorophyll content were 
decreased in Cowpea and alfalfa under drought stress treatments 
with or without application of GB, but in applications of 
GB individually, Chlorophyll ‘A’, ‘B’ and total Chlorophyll 
were increased significantly in both 100 and 200 ppm of GB 
treatments in both the plants. The Carotenoid content in 
Chart 1: Treatments and Irrigation design
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Cowpea and alfalfa was increased with GB treatments both 100 
and 200 ppm. Drought stress decreased the carotenoid content 
in all treatments 40% and 60% of irrigation water and it was high 
decreased in alfalfa and also in the treatments of combining the 
applying of GB with the drought stress.
Estimation of Total Phenols and Proline Content
The phenols content of the leaves in Cowpea was reduced in the 
treatments of GB application, but it was increased in drought 
stress treatments of 60% of water without and with 100 ppm GB. 
In Alfalfa the application of 200 ppm GB has induced the phenol 
content in the plants even when it combines the application 
of GB 100 and 200 ppm with the drought stress treatments of 
40% and 60%. It was increased the phenol levels in the leaves 
except for the treatment of 100 ppm with 60% of the irrigation 
water the phenols level was decreased. GB content in cowpea 
was increased significantly in all the treatments of applications 
of GB and in treatments of water stress and in the combination 
of GB applications within the waters stress treatments. Proline 
content was decreased in the treatments of GB application and 
in the water regimes treatments and in their combination, in 
both plants Cowpea and Alfalfa.
Estimation of Glycine Betaine
In Alfalfa the GB content was reduced when it was applied 
exogenously as a foliar spray to the leaves. In the treatments 
of drought stress, the GB levels were rise up in both 40 and 
60% of irrigation water. The combination of exogenous GB 
application with the drought stress conditions, the levels 
of GB were increased in all treatments of 100 and 200 ppm 
within 40 and 60% of irrigation water, except the treatments 
of 60% irrigation with 200 ppm the GB content was slightly 
reduced.
Elemental Analysis
The effect of GB application under drought stress conditions 
on the mineral nutrients contents in the Cowpea and Alfalfa are 
presented in Tables 3 and 4 respectively. Calcium, Potassium, 
Magnesium, Manganese, sodium and Zinc content showed high 
increased under the water stress treatments and in treatments 
of applying exogenously Glycine Betaine and also in treatments 
of combining both effects of drought stress 60% and 40% of 
irrigation water within application of the foliar spray Glycine 
Betaine and the higher increased were in treatments 200 ppm 
within 60% of the irrigation water.
Calcium copper, Magnesium, Manganese, and Zinc levels 
were decreased within the drought treatments in Alfa alfa and 
also reduced with the treatments of applying Glycine Betaine. 
In the treatments of combining the drought stress and the 
applying for Glycine Betaine the Calcium level was reduced 
but it reduced slightly in the treatment of 100 ppm within 60% 
of irrigation water.
Table 3: Effect of Glycine betaine, drought stress and their combination induced changes on mineral nutrients mg/Kg (ppm) content 
of cowpea
Elem. Control GB Water stress GB+ Water stress
0 ppm of 
G+100% water
100 ppm 200 ppm 40% 60% 100ppm+40% 100ppm+60% 200ppm+40% 200ppm+60%
Ca 2.9±0.06a 3.47±0.18b 4±0.11c 3.73±0.26c 3.03±0.27b 3.07±0.12b 3.17±0.19b 2.43±0.12c 3.77±0.25c
Cu 5.45±0.52a 4.61±0.31b 4.34±0.17b 4.81±0.04b 3.65±0.02c 6.19±1.06b 4.17±0.18b 3.58±0.18c 3.87±0.07c
Fe 0.02±0.00a 0.02±0.00a 0.01±0.00b 0.04±0.02d 0.04±0.00d 0.03±0.01c 0.03±0.00c 0.03±0.00c 0.04±0.01d
K 0.84±0.08a 1.09±0.05c 1.08±0.09c 0.77±0.02b 0.95±0.1b 1.37±0.03e 1.04±0.11d 1.1±0.06d 1.2±0.12e
Mg 0.66±0.02a 0.85±0.01c 0.84±0.02c 0.12±0.01d 0.84±0.05c 0.9±0.03d 0.77±0.01b 0.85±0.08c 0.84±0.05c
Mn 46.65±5.23a 41.69±5.06c 64.66±2.41c 90.19±11.21a 35.25±2.15e 55.84±4.72c 51.50±1.38c 38.40±1.85e 60.13±4.86d
P 0.34±0.04a 0.32±0.02b 0.3±0.02c 0.25±0.01d 0.18±0.01e 0.24±0.03d 0.31±0.02b 0.14±0.01e 0.26±0.01d
S 0.33±0.03a 0.50±0.05d 0.31±0.00b 0.43±0.03c 0.37±0.02c 0.47±0.03d 0.31±0.02b 0.51±0.05e 0.36±0.01b
Zn 92.44±8.76a 105.49±14.89c 65.54±2.60c 93.61±3.68b 62.22±2.42c 88.71±8.27b 43.32±2.77e 65.63±2.97d 53.93±7.12c
a,b,c,drepresents significant differences, (Values are the mean of three replicates)
Table 4: Effect of glycine betaine, drought stress and their combination induced changes on mineral nutrients content mg/Kg (ppm) 
of alfalfa
Elem. Control GB Water stress GB+ Water stress
0 ppm of 
GB+100% water
100 ppm 200 ppm 40% 60% 100ppm+40% 100ppm+60% 200ppm+40% 200ppm+60%
Ca 4.10±0.46a 3.77±0.12b 3.20±0.06c 2.37±0.09d 3.77±0.09b 3.07±0.09c 3.53±0.12b 3.0±0.00c 2.83±0.15c
Cu 15.70±0.94a 15.39±0.69b 15.52±1.13b 12.77±0.85c 15.10±0.81b 13.73±0.29c 17.83±0.20c 11.63±0.74d 12.68±0.39c
Fe 0.30±0.03a 0.25±0.01b 0.26±0.03b 0.17±0.00c 0.25±0.23b 0.16±0.02d 0.29±0.01d 0.18±0.01c 0.16±0.02c
K 0.90±0.03a 0.89±0.03b 0.74±0.03d 0.78±0.04c 0.79±0.05c 0.750.05d 0.68±0.01d 0.60±0.00e 0.62±0.02e
Mg 1.36±0.22a 0.95±0.03c 0.01±0.06e 0.74±0.02d 0.89±0.45c 0.83±0.07d 1.21±0.07b 0.78±0.00c 0.74±0.04d
Mn 106.61±7.61a 71.86±2.12b 74.00±3.62b 52.64±0.73c 88.65±6.41d 71.87±5.51d 88.86±5.15d 59.33±2.22c 57.06±1.94c
Na 0.32±0.02a 0.37±0.03b 0.44±0.01c 0.39±0.04b 0.29±0.03c 0.35±0.03b 0.38±0.01b 0.48±0.01d 0.48±0.03d
S 0.19±0.00a 0.23±0.01b 0.21±0.01b 0.19±0.1b 0.16±0.1c 0.21±0.00b 0.22±0.0b 0.17±0.00c 0.19±0.01b
Zn 125.36±11.36a 115.98±8.18b 107.67±8.93c 121.23±6.90b 166.66±7.24d 126.67±4.78b 183.41±7.10e 88.15±3.57d 111.45±3.45c
a,b,c,drepresents significant differences, (Values are the mean of three replicates)
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In Cowpea the GB application induced was increased in 
Potassium, Magnesium, sulfur and Manganese content and 
decreased in phosphorus in both 100 ppm and 200 ppm. In 
treatments of water stress, the Potassium content increased in 
60% of irrigation water. In treatments of combining the drought 
stress and application of GB, it increased the Potassium content 
in all treatments and it was the higher content of Potassium in 
treatment 100 ppm of GB with 40% of water compared with 
the control.
DISCUSSION
The present study was aimed at determining the effect of 
Glycine Betaine exogenous application of two inverse factors 
and drought stress, affecting the growth and performance 
of Cowpea and Alfalfa forage crops. Hereby the discussion 
of the results is obtained from the morphology growth 
experiment, pigment levels, content of biochemical and mineral 
constituents. When applying GB 100 ppm and 200 ppm with 
drought stress, the root length was increased by 40 percent of 
irrigation water compared to the control. Shoot height and root 
length values increased significantly by exogenous application 
of GB (p≤0.05) in tomato reported by (Khan et al. 2015) [17].
Reddy et al. (2013) [18] were reported that the plant height 
declined with water deficit and was affected by GB application 
only under WD60 conditions, exhibiting a 14% increase in 
height with GB application. Root length in alfalfa was increased 
in treatments of applying GB as reported by Khan et al. 
(2015) [17]. While the root length in combination behaviors of 
drought stress and GB applications were significantly reduced. 
Measured growth characteristics declined linearly with increased 
water deficit intensity, both with and without GB application 
in maize [18].
Drought stress inhibited the shoot growth significantly in 
Cowpea and Alfalfa studied. Similar results were observed 
in avocado [19], Pearl millet [20], Populus species [21] and 
Petroselinum crispum [22]. A decrease in shoot length can 
prevent excess water loss by reducing a number of active stomata 
and the rate of transpiration. Drought stress increased the 
root length in Eucalyptus microtheca seedlings [23], Populus 
species,[21] Cannabis sativa [24], Parsley [22] and Triticum 
aestivum [25]. The development of the root system may increase 
the water uptake under drought stress.
GB treatments in plants subjected to long term water stress 
showed little or no effect in shoot biomass, as reported by 
Xing and Rajashkar (1999) [26]. Water deficit reduced the 
growth criteria (shoot fresh weight, shoot dry weight, leaf area) 
significantly. Total fresh weight of leaves was decreased under 
drought stress and total dry weight of leaves was increased 
significantly in drought conditions and by exogenous application 
of GB [17]. Changing resource pools (e.g., water or nutrient 
availability) may also affect the distribution of biomass in rice 
seedlings and sunflower [27]. Drought stress decreases both 
the relative variation in plant biomass and the concentration 
of mass within a small fraction of the population as confirmed 
in the earlier studies on Quercus rubra [28].
In cowpea, the root fresh weight was increased within the higher 
water stress 40% of irrigation water compared with control. 
Increased root growth was reported by Tahir et al.[29] in mango 
tree under water stress. But, the root dry weight was decreased 
within the drought stress and in applications of GB Decreased 
total dry weight may be due to the considerable decrease in 
plant growth, photosynthesis and canopy structure as indicated 
by leaf senescence during drought stress in Poplar species [30], 
Vicia faba [31]
The Chlorophyll content of the mature leaves of tomato, 
which were unfolded at a high temperature, was significantly 
high in the Crud Extract CE-applied plants compared to 
the Pure Extract PE-applied and control plants, reported 
by Kanechi et al. [32] A reduction in chlorophyll content 
was reported in drought-stressed soybean plants [33]. 
The chlorophyll content in the wheat leaf decreased due 
to chemical desiccation treatments (Shao et al. [34] The 
chlorophyll content decreased to a significant level at 
higher water deficits in maize and wheat plants [35] and 
in Lysimachia minoricensis. [36] A reduction in chlorophyll 
content was also reported in drought-stressed Pinus 
halepensis [37] and cotton [38]. GB did not improve Chl. 
‘b’ and carotenoids of Sorghum plants grown under the stress 
conditions. Reduced carotenoid content under drought was 
reported in sunflower,[39] Prairie grasses, [40] Wheat, [41] 
and Litchi chinensis (Damour et al. 2008) [42].
Proline content was decreased in the treatments of GB 
application and in the water regimes treatments and in their 
combination, in both plants Cowpea and Alfalfa. Increased 
proline accumulation was reported in water-stressed wheat [43] 
and Bell pepper. Increased proline in the stressed plants may be 
an adaptation to overcome the stress conditions. The similar 
results were observed in wheat [44] and sorghum [45]. Proline 
accumulation in plants might be a scavenger and acting as 
an osmolyte. The reduced proline oxidase may be the reason 
for increasing proline accumulation. Proline accumulated 
under stressed conditions supplies energy for growth and 
survival and thereby helps the plant to tolerate stress [46] 
and bell pepper [47]. Proline may act as a non-toxic osmotic 
solute preferentially located in the cytoplasm or as an enzyme 
protectant, stabilizing the structure of macromolecules and 
organelles. Accumulated proline may supply energy to increase 
salinity tolerance [48]. Proline as an osmoprotectant compound 
plays a major role in osmoregulation and osmotolerance [49]. 
However, its definite role in exerting stress resistance continues 
to be a debate [50]. The development of root system increases 
the water uptake and maintains requisite osmotic pressure 
through higher proline levels in Phoenix dactylifera (Alonso et al. 
2001) [37]. A rapid decrease in proline levels after stress release 
may be one factor in the resumption of growth after stress which 
is also an important determinant of overall stress tolerance [51].
The increased amount of GB content was observed under 
drought stress in barley [52], and in higher plants [53]. 
Aliphatic quaternary ammonium compounds (QAS) such as 
GB, stachydrine, homostachydrine, trigonelline have been 
found to accumulate in a large number of plants exposed to 
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salt and water stress. The accumulation of GB might serve as an 
intercellular osmoticum and it can be closely correlated with the 
elevation of osmotic pressure [48]. The glycine betaine content 
increased under drought stress in Radix astragali [54]. GB is an 
important quaternary ammonium compound, is considered to 
be one of the most predominant and effective osmoprotectants. 
It is well established that its exogenous application might have 
some advantages as it improves drought tolerance in plants. It 
has been also reported earlier that the rate and timing of GB 
application significantly affect drought tolerance ability of 
sunflower (Iqbal et al. 2008) [55].
CONCLUSION
Application of GB it enhances the GB accumulation level in the 
plant and increased it under drought stress. There was no effect 
of GB on the Pigments Chlorophyll ‘A’, ‘B’, total Chlorophyll 
and Carotenoid within the drought stress on the plants. GB has 
a significant effect on raising up the phenols levels in Alfalfa 
within the drought stress. Exogenous applications of GB were 
enhanced the GB accumulation level in the plants within 
the drought stress of 40% of irrigation water. GB applications 
increased the Heavy metals levels in plants like Ca, Cu, Fe, K, 
Mg and Mn. From the results obtained from the experiments, 
it can conclude that the GB has significant effects to ameliorate 
the drought stress on the Cowpea. As a conclusion of the effect 
of GB on the Alfalfa growth and production under the drought 
stress, GB it’s enhanced the plants performance under the 
drought 56 stress in both concentrations 100 and 200 ppm. 
In due of comparison of Cowpea and Alfalfa it’s found from 
this study that the GB has a better effect on the Cowpea 
under drought stress than Alfalfa. GB can have dual benefits: 
improving the yield of the product under drought and supply 
of micronutrient to plants.
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